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Real Numbers

* Real numbers are used in everyday life to describe quantities such as age, miles per
gallon, and population. Real numbers are represented by symbols such as

4
—5.9,0, 3 0.666. . .. 2821, /2. m and 3/—32

* Here are some important subsets

{l, 2,3.4, . . } Set of natural numbers
{O, 1,2,.3.4,. . } Set of whole numbers
{. ., —3,—2,—1,0,1,2,3,. . } Set of integers
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A real number is rational if it can be written as the ratio p/q of two integers,
where ¢ # 0. For instance, the numbers

I ~ 125
§=O.3333 ... =0.3,—=0.125, andm= 1.126126 . . . = 1.126

1
8
A real number that cannot be written as the ratio of two integers 1s called irrational.
Irrational numbers have infinite nonrepeating decimal representations.

For instance, the numbers are irrational. (The symbol = means “is approximately equal

to.”)
J2=14142135... = 141 and == 3.1415926...~= 3.14

Next Figure shows subsets of real numbers and their relationships to each other.
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In decimal form, you can
recognize rational numbers as
decimals that terminate

3=05 or §=0375

or 1‘epeat
$=13 o £=018

Irrational numbers are repre-
sented by decimals that neither
terminate nor repeat, as in

J2 = 1414213562 . . .
or

7 = 3.141592653 . . . .

Integers
e, 3,2, -1,
0,1,2,3,...

Negative
integers

ey =3, -2, -1
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Example: Classifying Real Numbers

Determine which numbers i1n the set
| 5
{—13, -5, -1, —3 0. V2. W,?}

are (a) natural numbers, (b) whole numbers, (c) integers, (d) rational numbers, and
(e) wrrational numbers.

Solution

a. Natural numbers: {7}
b. Whole numbers: {0, 7}
c. Integers: {—13, —1.0,7}
| 5
d. Rational numbers: {— 13, — 1, 3 0, Y 7}

e. [rrational numbers: {— V5. \/i 'r.r}
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* Example:

* Which of the numbers in the following set are (a) natural numbers, (b) integers, (¢)
rational numbers, and (d) irrational numbers?

| 54 3
{59 o 19 09 49 _ga Es _Ta 0869 \/59 \/§}
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e Class Work: Determine which numbers In the set are

(a) natural numbers, (b) whole numbers, (c) integers, (d) rational numbers,
and (e) irrational numbers.

1. {-9,-1.53 V20,1, 4,2, — 11}

2. {35, -7, —%, 0, 3.12,%, -3, 12, 5}

3. {2.01,0.666 . . ., —13,0.010110111 . . ., 1, —6}
4. {2. 3030030003 ,0.7575, —4.63, /10, —75, 4}
5. {-m —3,212, -175 —1 g, —22}

6. {25, —17, -5, /9,3.12, 57,7, —11.1, 13}
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The Real Number Line

* The diagram used to represent the real numbers is called the real number line. It
consists of a horizontal line with a point (the origin) labeled O.

* Numbers to the left of 0 are negative and numbers to the right of 0 are positive, as
shown 1n Figure.

* The real number zero 1s neither positive nor negative. So, the term nonnegative
implies that a number may be positive or zero.

Origin
| | | | | -

| |
| |
—3 —2 — 1 0 1 2 3

< Negative numbers Positive numbers >
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Plotting Real Numbers

* Drawing the point on the real number line that corresponds to a real number 1s
called plotting the real number.

* Each point on the real number line corresponds to exactly one real number, and each real
number corresponds to exactly one point on the real number line.

* Example:
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 Example: Plot the real numbers on the real number line:

7
T4
7 2

b. 2.3 _1'§ 4 3 2.3

, Fel— E— —o——
C. 5 -2 -1 0 1 2 3

3
d. —1.38
a. The point representing the real number —% = — 1.75 lies between —2 and — 1, but

closer to —2, on the real number line.

b. The point representing the real number 2.3 lies between 2 and 3, but closer to 2, on
the real number line.

¢. The point representing the real number % = 0.666 . . . lies between 0 and 1, but
closer to 1, on the real number line.

d. The point representing the real number — 1.8 lies between —2 and — 1, but closer to
— 2, on the real number line. Note that the point representing — 1.8 lies slightly to
. . 7
IZ/H)Z%ZJGft Of the pOIHt representlng _Ee'c. Shamal Fatah AHMED
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Example:

* plot the real numbers on the real number line.
A 5
(@3 (b)3 (¢) =53 (d) —5.2

* Class work:
* plot the real numbers on the real number line.

(@) 8.5 (b) 5 (c) =475 (d) —3
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Ordering Real Numbers

Definition of Order on the Real Number Line

It a and b are real numbers, a is less than b if b — a 1s positive. The order of a
and b 1s denoted by the inequality a < b. This relationship can also be described
by saying that b is greater than a and writing b > a. The inequality ¢ < b means
that a 1s less than or equal to b, and the inequality b > a means that b 1s greater
than or equal to a. The symbols <, >, <, and = are inequality symbols.

Geometrically, this definition implies that a < b if and only if «a lies to the left of
b on the real number line
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Example: a. 3 < 5, because 3 lies to the left of 5.
b. —3 > —35, because —3 lies to the right of —3.
c. 4 > 0, because 4 lies to the right of 0.
d. —2 < 2, because —2 lies to the left of 2.
e. 1 > —4, because 1 lies to the right of —4.

I I I ¢ I ¢~ ¢ I ¢ I I

o 1 2 3 4 5 -5 -4 -3 =2 -1 0

¢ I I I ¢ — ¢ ; j I ¢

o 1 2 3 4 5 -2 -1 0 1 2 3
*— i ——1—>

12/20/2023 Lec. Shamal Fatah AHMED



Intervals on the Real Number Line

* There are two types:

« Open interval:

* If a < Db, then the open interval from a to b consists
of all numbers between a and b and is denoted (a, b).
 Endpoints are excluded from the interval

 Closed interval:

» from a to b includes the endpoints and

IS denoted [a, b].

 Using set-builder notation, we can write

(a,b) = {x|a <x < b} la,b] = {x|a =x = b}
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Bounded Intervals on the Real Number Line

Notation Interval Type Inequality Graph

la, b] Closed a<x<b _H_,x
a b

(a, b) Open a<x<b )
a b

la, b) a <x<5b [ }—
a b

(a, b] a<x=b5b ‘ ],.hx
a
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Unbounded Intervals on the Real Number Line

The symbols oo, positive infinity, and — oo, negative infinity, do not represent

real numbers. They are simply convenient symbols used to describe the unboundedness
of an interval such as (1, co) or (—oo, 3].

_ Notation Interval Type Inequality Graph

Whenever you write an interval [a, <o) r=d [ =
containing oo or — oo, always a
use a parenthesis and never a (a, o) Open X > q ‘ -
bracket. This is because co and a
— oo are never an endpoint of an
interval and therefore are not (—oo, b] X <b - ] > X
included in the interval. b

(— o0, b) Open X <b - }—x

b
(— o0, 0) Entire real line —0 < X < 0 - -
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Graphs of Inequalities

* Example:
* Sketch the graph of each inequality.

a. The graphof =3 <x < lisa b. The graph of 0 < x < 21s a
bounded interval. bounded interval.

—3<x<1 O<x<?2
—4—(—!—!—!—“ F—t—x —!—(—!—)y F—F—x
-4 -3 -2 -] 0 ] 2 3 -1 0 ] 2 3 4

¢. The graph of —3 < x1s an d. The graph of x < 2 1s an
unbounded interval. unbounded interval.
—-3<x x<?2

H—(—!—!—Lﬂ—ﬂ—ﬂ—ﬂ—x «—ili—] >

1272002023 —4 =3 =2 -1 0 1 2 &c shamalFatah AHMED — 1 0 1 2 3 4
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